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萄糖/水），碳酸钠用量为35 wt.%（碳酸钠/葡萄糖），在65 oC反应3 h，葡萄糖
转化率为62.37%，果糖选择性为64.34%，果糖得率为40.13%。在有机碱中选用可作
为营养品添加剂的胆碱为催化剂，当葡萄糖浓度为5 wt.%（葡萄糖/水），胆碱用






























         
         
With the fast development of world economy, the diminishment of fossil resources
and the gradual deterioration of global ecological environment, finding renewable
resources to alleviate the current energy and environmental crisis is imminent.
Biomass is considered to be the only renewable resources in nature to replace
the fossil fuels for the production of high value added chemicals, biofuels and
energy materials. The conversion of carbohydrates, which are the most abundant
components of biomass, into fructose is one of the most important ways for the
utilization of biomass energy. As fructose is an important derivative of biomass,
an important sweetener and active raw material for the production of biologic-
chemistry matter, its application in food, fuels and energy materials has been
gradually excavated. Starch, which is the most abundant component of
carbohydrates, can be hydrolyzed to glucose and glucose can be converted to
fructose by isomerization. The isomerization of glucose into fructose is considered
to be a critical intermediate step in the efficient conversion of renewable
lignocellulosic materials into biofuels and platform chemicals. According to the
current research progress and existing problems in the isomerization of glucose
into fructose, a series of studies on the concept of green chemistry have been
carried out in this dissertation. Various low-budget, environmentally friendly,
easily prepared catalysts were prepared for the conversion of starch and glucose
into fructose, the basic reaction conditions of every step were optimized and the
reaction system for the preparation of HMF was established.
Firstly, supporting sulfuric acid on zeolite was found to be an efficient catalyst to
bring about the conversion of starch directly into fructose in a one-step reaction.
The catalytic efficiency of a series of modified zeolite catalysts for the conversion
of starch into fructose was investigated in datails. Among these catalysts used,













hydrolysis of starch and isomerization of glucose, which enable one-step
preparation of HFCS from starch to turn into reality. An optimized fructose yield of
27.84% was obtained from starch under the following reaction conditions: 5 wt.%
starch in water, 30 wt.% SO42-/USY (SO42-/USY /starch), 150 oC, 1 h, 400 rpm.
The USY catalyst was found has high specific surface area and porosity
characterized by physical adsorption technique, which enable the sulfuric acid to
be effectively adsorbed on the USY surface by means of impregnation and
calcination. Meanwhile, the catalysts were characterized by NH3-TPD analysis
and elemental analysis to find that the decrease of catalytic activity resulted from
carbon deposition on the catalysts and the loss of SO42-. Therefore, the catalytic
activity of SO42-/USY can be effectively recovered by calcining (removal carbon
on the surface of catalyst) and impregnating in sulfuric acid (increase SO42-).
Secondly, a high efficient reaction route for the two-step preparation of fructose
from starch was established. Step 1, the starch was hydrolyzed into glucose by
ultra low acid; step 2, the glucose was isomerized to fructose by basic catalyst. In
the first step, the glucose yield of 103.83% (starch was almost completely
hydrolyzed to glucose) was obtained under the optimal reaction conditions: 5
wt.% starch in water, 8mM sulfuric acid concentration, 150 oC, 1 h. In the second
step, a series of alkali salt and organic alkali were found to have good catalytic
efficiency for the isomerization of glucose. Among alkali salt, sodium carbonate
was selected as the best catalyst because of the obvious advantages of safety,
innocuity and easy to removal. A glucose conversion of 62.37%, a fructose
selectivity of 64.34% and a fructose yield of 40.13% were obtained under the
following reaction conditions: 5 wt.% glucose in water, 35 wt.% Na2CO3
(Na2CO3/glucose), 65 oC,3 h. Among organic alkali, choline was chosen as the
optimal catalyst because it can be used as a nutritional additive. A glucose
conversion of 53.25%, a fructose selectivity of 80.38% and a fructose yield of













water, 10 wt.% choline (choline/glucose), 65 oC,3 h. Meanwhile, the study found
that with proper pH value, almost all of inorganic bases, organic bases and alkali
salt could efficiently isomerize glucose into fructose. The results indicated that the
isomerization process was significantly affected by the basicity of reaction
system, while the types of alkalines had little effect.
Subsequently, borax could enhance the catalytic efficiency of glucose
isomerization by choline. According to the characteristics of borax, the possible
reaction mechanism for borax promoting effects on the glucose isomerization was
presented.
Eventually, according to the study aforementioned, a mild and high efficient
reaction route for the two-step preparation of HMF from glucose was designed
and implemented. Step 1, the glucose was isomerized to fructose by choline and
borax; step 2, the fructose was converted to HMF with hydrochloric acid induced
by choline chloride. An optimized HMF yield of 70.8 mol% was obtained from
glucose under the following reaction conditions: 4 wt/wt ChCl (ChCl/fructose), 1
wt.% HCl (HCl/fructose), 100 oC, 4 h. Compared with the preparation of HMF
from glucose in metal chloride/ionic liquid reaction system, this reaction system
possesses the characteristics of easy process, low investment and benign to
environment. This study was drafted to provide a theoretical basis and technical
support for the mass production of HMF in the future.
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